The photon rupture method, by which oxide film and metal are removed by focused pulsed Nd -YAG laser beam irradiation, was applied to form artificial micro pits in Zn -5 mass% Al alloy-coated steel. The zinc alloy-coated layer was removed by pulsed laser irradiation treatment for about one second in a neutral buffer solution with NaCl.
Introduction
Zinc alloy-coated steels are widely used due to their excellent corrosion protection characteristics in environments. The corrosion protection of the zinc alloy-coated layer is ascribed to the cathodic protection by a galvanic reaction between the coated layer and substrate [1 -2] , and to the formation of stable and compact corrosion products which have high corrosion resistance. Zinc ions also play an important role in corrosion resistance [3] .
The examination of abrupt destruction of passive oxide films and their repair is important for a better understanding of the localized corrosion of metals. Analysis of this behavior has been carried out by monitoring potential-and current-transients after mechanical stripping of oxide films [4 -8] . The mechanical film stripping, however, poses problems of slow film stripping, contamination from the stripping tool, and stress and strain on the substrate. Recently, there are reports of film stripping by a photon rupture method (focused pulsed Nd-YAG-laser irradiation), which solves the many of the problems caused by mechanical film stripping. The irradiation with a pulsed laser beam is able to strip oxide film at extremely high rates without contamination from the film removing tool. This technique has been applied to iron by Oltra et al. [9] and by Itagaki et al. [10] , to aluminum by Takahashi et al. [11] , and to zinc-and zinc-aluminum alloy-coated steel by Sakairi et al. [12 -20] .
This technique has also been applied to form micro patterns on metals. Kikuchi et al. has reported fabrication of 2 dimensional or 3 dimensional metal or organic structures [21, 22] by using laser irradiation and electrochemistry. Sakairi et al. in studying the behavior of artificial pits formed by photon rupture on zinc-or zinc alloy-coated steels has reported that the direction of the rest potential shift was affected by the area ratio of zinc or zinc -55 mass% aluminum to steel in artificial pits [23, 24] .
Immediately after laser irradiation, the rest potential shifted to the negative direction while the coated layer was exposed to the solution. However, after the steel substrate was exposed to the solution, the rest potential shifted to the positive direction immediately after laser irradiation.
The objectives of this study are to form artificial pit in the zinc-5 mass % aluminum alloy-coated steel, and to investigate the effect of the area ratio of the zinc alloy-coated layer to the steel substrate in an artificial pit of zinc -5 mass% aluminum alloy-coated steel subjected to photon rupture, on rest potential change direction in 0.5 kmol m -3 H 3 BO 3 -0.05 kmol m -3 Na 2 BB 4 O 7 ( pH = 7.4 ) with 0.01 kmol m NaCl.
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Experimental

Specimen
The Zn -5 mass% Al alloy-coated steel sheets (coated layer thickness of about 15 µm, Nippon Steel Co.) were cut into 15 x 20 mm coupons. After ultrasonic cleaning, samples were dipped in a nitrocellulose / ethyl acetate solution two times to form an approximately 30 µm thick protective nitrocellulose film on the samples.
Electrochemical measurements
After formation of the nitrocellulose film, the specimens were immersed in 0.5 A saturated Ag/AgCl electrode was used as a reference electrode to measure the electrochemical data.
Surface observation
After the tests, the specimen surfaces were examined by a con-focal scanning laser microscope (CSLM, Laser Tech. co.) The artificial pit depth was measured by the depth analysis function of the CSLM. The pit diameter is about 140µm and the maximum depth of the pit is 60 µm from
Results
Formation of the artificial pits
Figs. 1 and 2. The aspect-ratio (depth/diameter) of artificial pits is less than 0.5. On the assumption of a cylindrical pit formation, the exposed areas of coated layer and steel were calculated. The area ratio of steel substrate/zinc alloy-coated layer exposed to the solution changes from 0 to about 0.6 in this experiment. Thus, this technique enables us to make an artificial micro-pit on the zinc alloy-coated steel and to change the area ratio of zinc-aluminum alloy to steel.
The duration of laser treatment can be divided into three stages; only the zinc alloy-coated layer is exposed to the solution at Stage I, and both zinc alloy-coated layer and steel substrate are exposed to the solution at Stage III. A part of the substrate is exposed to the solution at Stage II, that is, the interval between Stages I and III. Fig. 3 is a schematic outline of cross sections at each stage. 
2 Rest potential change after laser irradiation
Discussion
Formation speed of pit
The approximate expression for the minimum laser power density of ablation, E ab , is 2 · L · p · k 0.5 · t p -0.5 , where L is the latent heat required to vaporize the solid metal, p the density of the metal, k the thermal diffusibility and t p the pulse duration [25] . The laser power density of E ab for both of the zinc alloy-coated layer and the steel substrate is estimated to be about 10 12 W / m 2 . The absorbed power density of the material by one pulse of laser irradiation, E abs , is expressed by E abs = 4 (
where R is the reflectance of the material, P is the mean irradiated laser power, D is the diameter of the irradiated area, and t p is the pulse duration. The absorbed power density can be estimated to be about 4 x 10 12 W / m 2 in this experiment. This indicates that the artificial pit was formed by laser ablation due to formation of a gas or plasma. J s -1 . It is also possible to estimate the absorbed laser energy using reflectance and irradiated laser power. The reflectance of mild steel may be almost the same as iron, 0.57 at the wave length of 532 nm, and that of zinc alloy-coated layer may be almost the same as that of zinc, 0.75. The calculated energy absorbed by zinc alloy-coated layer is about 7.5 x 10 -3 J s -1 and that of steel substrate is about 1.3 x 10 -2 J s -1 . In both materials, the absorbed laser energy is calculated by using reflectance, and the irradiated laser power is lager than that calculated by using pit formation rate and material constants. This disagreement may be due to inaccuracy or lack of reflectance and material constants. Nevertheless this simple calculation indicates that the irradiated laser energy is high enough to produce the gas-causing laser ablation. Thus the cathodic activity of the steel surface is readily suppressed and the rest potential returns to the previous value before laser irradiation.
Potential fluctuations
It has been revealed from this type of studies that the photon rupture method will be able to form an artificial pit of controlled size and aspect ratio in situ in the solution and enable us to study various pitting corrosion phenomena including the locations and roles of anodic and cathodic reactions in the pitting corrosion, the characteristics of solutions such as concentration and pH change inside and outside of pit, pit growth and re-passivation.
Conclusions
The effect of the area ratio of the zinc alloy-coated layer to the steel substrate in artificial pits, formed by photon rupture in zinc-5 mass% aluminum alloy-coated steel, on rest-potential change direction was examined, and the following conclusions may be drawn.
1) An artificial micro pit was formed in a zinc-5 mass% aluminum alloy-coated steel by repeated irradiation of focused pulsed YAG laser. The pit diameter remained constant and the depth increased with repeated irradiation. The pit formation speed in the zinc alloy-coated layer was higher than that in the steel substrate.
2) Immediately after laser irradiation, the rest potential was shifted to the negative direction due to accelerated dissolution of the fresh surface of the zinc-5 mass% aluminum alloy layer exposed directly to the solution. This situation is ended shortly owing to formation of zinc and aluminum hydroxides covering the active anode site.
3) After complete removal of the Zn alloy layer by laser irradiation direct exposure of the fresh surface of the steel substrate to the solution results in the shift of the rest potential to the positive direction because of active cathodic reaction on the fresh steel
surface. This situation is ended in a short time due to formation of corrosion products of zinc and aluminum on the cathodically active surface.
Captions Table 1 Material constants for mild steel and zinc. 
